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Absolute Radiometric Calibration of Solar Extreme
Ultraviolet Spectremeters

1. INTRODUCTION

Accurste solar extreme uliraviolet (EUV) spectral irradiance data are needed for research in solar.
ionosphenic/thormospheric. and planctary phvsics, as well as for space weather {orecasts and spacecraft
operations &nd tracking Because of mstrument performance degradstion, n-orbit rachometnc recalibration
methods and capability are a fundaraental prerequisite for such measurements. In this laboratory research
MMWLMfumammewmmm}mmm
radrometric cahibration of the Ultraiolet Coronagraph Spectrometer (UVCS) now cbserving the solar corona
from the ESA/NASA SOHO nussion.

2. METHODS FOR IN-ORBIT RADIOMETRIC CALIBRATION

There arc two complementany methods for EUV radiometric calibration: ove usss a standard source of
spectral radiance. the other, an absolute detoctor. Each method has advantages and disadvantages, thev cover
somewhat different wavelength ranges and there are differead calibeation points within each range.

2.1 The 'Standard’ Source of EUV' Spectral Radisnce

A nollow cathode EUV spoctral radiance transfer standard that is small and rugged has been cvaluated.
characten zed, and calibrated using the BESSY synchrotron radiaton source by a tcam of scientists from the
Phrysikahsch- Technische Bundesanstalt (PTB) and the Unnversity of Hanoover (Danamann e1 ai. 1988). We refer
to thus as the PTB BESSY/Hannover (PBH) EUV source. The enwssion consists of many lines, mostly the
resonance Lines of peutral. singly. or doubly 100ized rare-gas stoms. Abowut 50 lines, roughly evenly separated
m the wavelength range 20 to 150 nem, are unblended and, therefore, have heen sclected for radiometnic calibration
purposes (Hollandt. Kihne, Huber & Wende 1996). The spoctral range of the Solar Ultraviolet Measurements
of Emitted Radiation (SUMER) and UVCS SOHO instrumnents can be compiletedy covered with strong imes
cmitted by the source. We constructed and evaluated a low-power version of the PBH source m order 10
determune whether it would be suitable for in-flight radiometric calibrations.

The PBH spectral radiance standard bollow cathode 6 commercialhy availabie in uncalibrated form from
Praf. M. Kock ot the University of Hannover. Calibeation of the source 1s performed oo a ‘commeraial’ basis by
the PTB Radsometry Laboratory st BESSY (Hollamdt, Kobne & Weade 1993) usang facilities developed. in part,
wn collsboration with the SOHO mussion. As part of radiometric calibrations of the SOHO spectroscopic
thESS\RﬂmhbommemﬁmmdtthBHEleembdmm
a 1-m focal-leagth. £100, collimating mirror. Spoctral-line flux values per cm, comparable to solar hine
uradiances at | AU whwudomthe-lmdwd&ccdmbmmm\dnd

With funds from this grant. we obtained two spectral radiance sources frou: Prof. Kock and two m rrors
from the PTB/L'ESSY Radiometry Lab. One source‘maror combination was delivered to us in August 19 | and
was used 'ss is' in the apparatus described i Sect 2.3, The second was cabibrated m July 1993 at BESSY in
collaboration with the SUMER/SOHO calibration activitses and dedivered to us in the Fall of 1993 to be wsed for
illumination of UVCS m the intcrcomperison of its radiometric scak: with that of SUMER.  The uncahibrated
svstem was usod for ahgnment. signal level checks. and opumuation.

2.2 Sundwrd Detector for EUV Raduation

Rare-gas ionization chambers, or Ssmson chambers (Sanson 1967), make use of the fact that ncident
mm:hmnmmofmmmap&UMmopmthmkofga For the rare
gascs, this ‘quantum vield' per photon is 1.0. 1.e., on¢ photon produces one electron. lonuzation chambers are so
wdl-chuummdlhmmevmu:bmfwmnecd\brwouofﬂnphmo&od:uandud'EUVdewcuxs
provide bv NIST aad, thercfore, have potential for use in on-orbit radiometric calibration of spectiometers.

We determmed the wavelength band and sensitivity that would be available from sclected combinations
of rerc gases and the thin metal film filters that are used to constrain the gas. The 1onization cross sections and




transmission data were svaiabse from: the scientific literature and from trade catalogues. (ne result of ous study
was that the concept could work but that the availability (Spring 1994) of space-qualified tun film filters that
coukd be used to define a number of distant wavelength bands hed not been verified: for exampie. we learned from
the EUVE Electronic Newsletter of April 12, 1994, that very small pinholes may develop m these filiers.

2.3 Laboratory Sct-up for Evaluation of Standard Source and Detector
We ocunstructed the apparaius shown schematicath in Fig. | for our laboratory cvaluation and
intercompanison of the two complementary methods for m-orbit radiometne calibration of pstruments for

measunng the full-dksk, spectraliy-resolved solar EUV flux from 10 t0 125 nm. The three mayor components are
shown: a calibrated-source/muror combination. a ionization-chamber/filter mechanism, and a spectrometer.
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Figure I. Schemauc diagram of laboratory set-up. The daagram is spproxamately 1o seale. but the beam dismeser. whach
13 acuaily about | cm. has boen cnlargad for clanty. The spoctral radisnce sources. mirvor, and tilter vohuel are ail enciosed
n a vacuum chamber. The biss voltage ampphes and curreni measuring apparatus fur the omzation chismber and the phuton-
counting detectur for the spectrometer have boen omutted.  The spectrotneter madifications resulied m e equivelent of a
Wadsworth-mount spectrograph. with the optical apetture of the specral radiance: standard serving as the ey anoe st

3. CALIBRATION

The calibration and charactenzation of the radiance standard were complesed in July 1993 The
wavelength range vwas 50 - 130 nm. As . result of some changes in the charactenization. modifications were

made m our cabibratica set-up. The PBH EUV source was used here i 1995 m the fimal end-to-end test of the
UVCS' mnstrument (Kohl erai 199S).

<+ OTHER RELATED ACTIVITIES

We participated with Drs. jay Holberg and Bill Sandei of the Lunar & fanetan Laborstory at the
University of Anzona, in explonng the idea of uting the ultravicict Wadsworth-mounted ulraviolet
spectrometers (UVS) on the Vovager Spacecraft for solas ELV radsometry.  These spectrometers have been
tahomoetncally stable for some tme and arc therefore capable of making iong-term. precise oxasurements of the
solar spectral uradaance betwoen 50 and 170 . I the deaection efficicacacs of the UVS were confirmed through

'At the time of wnung thia report. the SOHO had heen placad m (rbit and UVCS had sucoessfuly soen *first
hght" inboth the Ly-a and OV chaoncls.




a dedicated program of underflights. and if a campaign of regular Voyvager observations of the Sun were
ustitutod. some of the neods for timely. long-tenm solar EUV flux data could have been cfficicntly met in this
docade. Themon\mbdmoﬁhsm were presonied at two radiometry moctings: (/). The Fourth
Intematsonal Mecting on New Developments and Applications in Optical Radiometry, Baltimore, MD. October
1952, and. (2), The Ninth Workshop on the Vacuan Ultraviolet Cabibration of Space Experiments. Boulder, CO.
March 1993. The refereaces (o the resulting publications are i Sect. §.

In 1991, Smith served on the NASA Scence Working Group (SWG) for SOURCE. The SWG
reeffirmed the nead for in-fhght cabit r ation methods for solar EUV spectral radiometers and included our concept
for on-board 'stendard’ radiance sources and raro-gas ionization cclis 1 the 'strawman’ payload. Smith
represented the SOURCE SWG at the two radiometry meetings meationed above sad presented a paper oa
SOURCE at both.
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